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The re-emergence of yellow fever in Africa and South 
America during the past decade tempers previous opti- 
mism that this disease could be eliminated as a public 
health problem during the twentieth century l Fortunately 
yellow fever is well understood by virtue of discoveries 
made between 1930 and 1932. These were proof of the 
mosquito transmission hypothesis; urban control by erad- 
icating Aedes aegypti; development of a nonhuman pri- 
mate model, leading to isolation of the virus; development 
of a mouse model, leading to a vaccine; and recognition 
that mosquitoes other than A. aegypti could serve as vec- 
tors.le3 The least well known of these stories may be the 
development of an animal model, reported in 1928 by 
Adrian Stokes, Johannes H. Bauer, and N. Paul Hudson 
from the Rockefeller Foundation’s West African Yellow 
Fever Commission in Nigeria. Stokes contracted the dis- 
ease during the experiments and, dying, asked that stud- 
ies be performed on himself-studies that established 
the viral etiology beyond reasonable doubt. His co-authors 
honored him with first authorship on the sentinel paper, 
portions of which are reproduced here. 
To be sure, members of the Reed commission at the 
turn of the century-more specifically James Carroll- 
had determined that blood from yellow fever patients 
remained infectious after passage through Berkefeld fil 
ters.They proposed that the agent was “a microorganism 
so minute in size that it might be designated as 
ultramicroscopic.” Yet in 1916, when the Rockefeller 
Foundation pledged to eradicate yellow fever from the 
earth, the causative agent remained elusive. The Rocke- 
feller Foundation enlisted the aid of the great Japanese- 
born bacteriologist, Hideyo Noguchi, whose lasting 
misfortune was to look in places like Guayaquil, Ecuador, 
where yellow fever coexisted with leptospirosis. 
Noguchi’s erroneous conclusion that yellow fever was 
caused by a leptospiral organism, which he named Lep- 
tospira icteroides, was hailed as a breakthrough. Then 
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came disturbing reports that yellow fever, or something 
like it, was prevalent in West Africa. If verified, these 
reports suggested that global eradication might be much 
more difficult than originally thought. 
After a failed first attempt and interruption by World 
War I, the Rockefeller Foundation in 1925 organized a 
West African Yellow Fever Commission under the direc- 
torship of Dr. Henry Beeuwkes, a retired army colonel. 
The commission was asked, among other things, “to 
attempt the isolation of the organism which causes the 
disease.“* Looking for Noguchi’s spirochete, members of 
Beeuwkes’s team inoculated more than 1000 guinea pigs 
with presumably infected blood without successAn ani- 
mal model was badly needed. Beeuwkes imported Indian 
rhesus and crown monkeys, Brazilian marmosets, and 
chimpanzees. The arrival of these animals in West Africa 
in the late spring of 1927 coincided with the arrival of 
Adrian Stokes, a pathologist who had been granted a 6 
month leave-of-absence from Guy’s Hospital Medical 
School in London. 
Stokes (Figure 1) came from a prominent Dublin 
medical family that included the eponymously famous 
William Stokes (1804-1878; “Stokes-Adams attacks”; 
“Cheyne-Stokes respirations”). Well known for his inves- 
tigations of typhus, cholera, and leptospirosis in the 
trenches of World War I, Stokes has been described as a 
“kindly, tweedy sort of Englishman, just forty, charming 
with the ladies, not a big man, but an athletic type, a ten- 
nis player, with gray mustache and iron-gray hair.“5 The 
drama began on June 30, 1927, when blood was drawn 
from a 2%year-old West African man named Asibi (Figure 
2). Guinea pigs and marmosets showed no ill-effects from 
Asibi’s blood, but a rhesus monkey designated 253-A 
promptly became sick and died. There followed a long 
procession of experiments whereby monkeys were fatally 
infected by blood taken from previously infected mon- 
keys or by infected A. aeg@ti mosquitoes. Bauer, the prin- 
cipal investigator, did all of the mosquito experiments 
and most of the monkey experiments. Hudson carried 
out the autopsies on monkeys that died during the day, 
and Stokes, an insomniac, volunteered to perform autop- 
sies on monkeys that died during the night. 
On September 15, 1927, Stokes became ill.The next 
day he was transferred to a hospital in Lagos. Knowing 
that his illness was almost certainly yellow fever, he 
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Figure 1. Adrian Stokes (1887-l 927) (Reproduced with permission 
of the Rockefeller Archive Center). 
Figure 2. Asibi, the West African whose blood transmitted yellow 
fever to rhesus monkeys (Reproduced with permission of the Rocke- 
feller Archive Center). 
reminded Beeuwkes of the opportunity for human exper- 
iments. He insisted that his blood be injected into rhesus 
monkeys and that uninfected A. aegypti mosquitoes be 
allowed to feed on him.As predicted, both his blood and 
the newly infected mosquitoes caused fatal yellow fever 
How did Stokes acquire yellow fever? As he had not 
handled infected mosquitoes for some time, blood expo- 
in the monkeys. Stokes died on the fourth day of his 
sure from the autopsies was the likely source. His hands 
showed several small abrasions. He had been bitten on 
the fingers by a monkey 10 days before the onset of his 
illness unaware that the experiments based on his own 
illness, and the wound had not completely healed. Bauer 
case would satisfy Koch’s postulates. 
and Hudson later showed that the yellow fever virus 
could be transmitted to rhesus monkeys through intact 
skin6 It had been the investigators’ custom to wear two 
pairs of rubber gloves “because of the rapid deteriora- 
tion of rubber gloves in the tropics.” However, then as 
now, accidents occurred. Bauer later showed that blood 
from infected monkeys could infect other monkeys by 
1 .O cc injections even after 10.’ dilutions.’ Stokes’s case 
was the first of 32 cases of laboratory-associated yellow 
fever that occurred between 1927 and 1931, prior to 
the introduction of a vaccine.8 Four additional Rocke- 
It was perhaps out of deference to Noguchi that 
feller Foundation workers died of the disease, includ- 
Bauer and Hudson did not trumpet the fact that they, 
with their late colleague Stokes, had “discovered” the yel- 
ing Noguchi, who came to West Africa sensing that his 
low fever virus. Also, a team of French investigators iso- 
lated the virus at about the same time. However, the 
Rockefeller group’s achievements paved the way for 
scientific reputation hinged on the outcome of his find- 
rapid progress in the understanding and prevention of 
ings there. 
the disease. Population surveys in which serum was 
tested for its ability to protect monkeys against experi- 
mental yellow fever established that the disease was 
endemic in West Africa.9 Demonstration that mosquitoes 
other than A. aegypti could transmit the virus became 
the first chapter of the jungle yellow fever storylo And 
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isolation of the virus led quickly to a vaccine. In 1930, 
Max Theiler, of the Department of Tropical Medicine, 
Harvard Medical School, discovered that white mice were 
susceptible to yellow fever if injected intracerebrally. 
Theiler moved to New York where he worked with Hugh 
Smith and Wilbur Sawyer, and the famous 17D vaccine 
was developed from the Asibi strain.3 It was Theiler who 
won the Nobel prize for his role in the campaign against 
yellow fever. Buried in the European cemetery at Lagos, 
Adrian Stokes received few posthumous honors apart 
from first authorship on the critical paper, yet his con- 
tribution remains a noble example of the best tradition 
of international cooperation. 
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APPENDIX 
Excerpts from The American Journal of Tropical Medi- 
cine 1928; 8:103-164 
EXPERIMENTAL TRANSMISSION OF YELLOW 
FEVER VIRUS TO LABORATORY ANIMALS* 
Adrian Stokes,? Johannes H. Bauer,? and 
N. Paul Hudson? 
NOTE: During the course of the investigations reported in this 
paper, Dr. Adrian Stokes fell a victim to yellow fever and died 
on September 19, 1927. His untimely death is a great loss to 
medical science and is deplored by his colleagues. Although 
we have no definite information as to where or how he con- 
tracted the disease, the epidemiologic evidence suggests that 
the infection took place in the laboratory while he was engaged 
in studying the virus. The experiments reported here were either 
completed or under way at the time of Dr. Stokes’ death. Some 
of them were repeated later and the previous results confirmed. 
The work was carried out jointly by the authors, and questions 
concerning the publication of the results were often discussed. 
This report was not written until after the death of the senior 
author, but we believe that the conclusions derived from the 
data are in harmony with his opinions. 
The West African Yellow Fever Commission of the Rock- 
efeller Foundation, from the laboratory of which this 
paper is issued, was organized in the spring of 1925, and 
by the late fall of that year preparations had been com- 
pleted for a comprehensive investigation of the various 
problems in connection with yellow fever in West Africa. 
The investigation was to include clinical and epidemio- 
logic studies and thorough laboratory research. 
The Commission has confined itself territorially 
almost exclusively to the British colonies of Nigeria and 
the Gold Coast.The numerous sporadic cases of yellow 
fever that have occurred in Europeans, together with 
extensive epidemics among the natives of the Gold 
Coast, have afforded ample material for the studies 
which have been made since the organization of the 
Commission. 
This report deals only with the laboratory findings, 
and is concerned mainly with the work carried on since 
May, 1927, when Indian monkeys were first used for 
experimentation. Previous to that time a large amount of 
experimental work had been carried out, but this had 
been planned chiefly with a view to the isolation of Lep- 
tospira icteroides, and along the lines which had proved 
successful in various places in the Western Hemisphere 
where yellow fever has occurred. 
Our laboratory records show that during the period 
from January, 1926, to May, 1927, sixty-seven cases of 
yellow fever were studied bacteriologically by several 
